Key indicators: single-crystal X-ray study; T = 100 K; mean (C-C) = 0.003 Å; R factor = 0.032; wR factor = 0.087; data-to-parameter ratio = 16.6.
The asymmetric unit in the title thiourea derivative, C 13 H 19 N 3 S, comprises three independent molecules (A, B and C). The thiourea groups are superimposable for the three molecules, but there are significant conformational differences. Molecules A and B are approximate mirror images of each other, and molecule C has an intermediate conformation.
The dihedral angles between the thiourea groups and the phenyl rings are 52.10 (5), 63.29 (5) and 66.46 (6) in molecules A, B and C, respectively. Each independent molecule self-associates into a supramolecular chain along [100] via N-HÁ Á ÁS hydrogen bonds. Molecules of A and B assemble into layers four molecules thick in the ac plane via C-HÁ Á ÁS and C-HÁ Á Á interactions. Molecules of C self-assemble into layers in the ac plane via C-HÁ Á ÁS interactions. The layers stack along the b axis with no specific interactions between them.
Related literature
For the various biological activities exhibited by 1,4-disubstituted piperazine derivatives, see: Kadi et al. (2010) Table 1 Hydrogen-bond geometry (Å , ).
Cg1 is the centroid of the C21-C26 ring. Symmetry codes: (i) x À 1; y; z; (ii) x þ 1; y; z; (iii) x À 1 2 ; Ày þ 3 2 ; z À 1 2 ; (iv) x; y; z À 1; (v) x; Ày þ 2; z À 1 2 ; (vi) x À 1 2 ; Ày þ 3 2 ; z þ 1 2 .
D-HÁ
Data collection: CrysAlis PRO (Agilent, 2011); cell refinement: CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: X-SEED (Barbour, 2001) , DIAMOND (Brandenburg, 2006) and Qmol (Gans & Shalloway, 2001) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
The financial support of the Deanship of Scientific Research and the Research Center of the College of Pharmacy, King Saud University, is greatly appreciated. We also thank the Ministry of Higher Education (Malaysia) for funding structural studies through the High-Impact Research scheme (UM.C/HIR/MOHE/SC/12). Hussainy et al., 2011; Moussa et al., 2011 ), anti-convulsant (Kamiński et al., 2011 , anti-microbial (Sheng et al., 2011) , anti-cancer (Yang et al. 2011 ) and histamine antagonist (Liu et al., 2011) . In continuation of our interest in the chemical and pharmacological properties of 1,4-piperazine derivatives (Kadi et al., 2010) , we synthesized the title compound, (I),
4-Benzyl
as an intermediate for potential chemotherapeutic agents.
Three independent molecules comprise the asymmetric unit of (I), Fig. 1 . There are significant differences in conformation between these as highlighted in Fig. 2 . The independent molecules containing the S1 and S2 are approximately mirror images of each other and the conformation of the S3 containing molecule is intermediate between those of the others. The dihedral angles formed between the thiourea moiety and the phenyl rings are 52.10 (5), 63.29 (5) and 66.46 (6)°, respectively. Each piperazine ring has a chair conformation.
Each independent molecule self-associates into a supramolecular chain via N-H···S hydrogen bonds, Table 1 . Chains are orientated along the a axis and an example is illustrated for the S1-containing molecule in Fig. 3 . In the crystal packing, the S1-and S2-containing chains are connected into layers four molecules thick via C-H···S and C-H···π interactions. The S3-containing molecules are also connected into layers via C-H···S interactions. Globally, layers, which are formed in the ac plane, stack along the b axis, Fig. 4 , with no specific interactions between them.
Experimental
Methyl isothiocyanate (3.66 g, 0.05 mol) was added to a solution of 1-benzylpiperazine (8.81 g, 0.05 mol) in ethanol (15 ml). The mixture was stirred for 5 min. at room temperature and allowed to stand for 1 h. The separated crude product was filtered, washed with cold ethanol, dried and crystallized from ethanol to yield 11.60 g (93%) of the title compound as colourless crystals. M.p.: 365-367 K.
Refinement
Carbon-bound H-atoms were placed in calculated positions [C-H = 0.95 to 0.98 Å, U iso (H) = 1.2 to 1.5U eq (C)] and were included in the refinement in the riding model approximation. The amino H-atoms were located in a difference Fourier map, and were refined with a distance restraint of N-H 0.88 (1) Å; their U iso values were refined.
Computing details
Data collection: CrysAlis PRO (Agilent, 2011) ; cell refinement: CrysAlis PRO (Agilent, 2011) ; data reduction: CrysAlis PRO (Agilent, 2011); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: X-SEED (Barbour, 2001) , DIAMOND (Brandenburg, 2006) and Qmol (Gans & Shalloway, 2001) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
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Figure 1
The three independent molecules of (I) showing displacement ellipsoids at the 70% probability level.
Figure 2
An overlay diagram of the three independent molecules in (I). The S1-, S2-and S3-containing molecules are shown as red, green and blue images, respectively. The diagram was drawn so that the thiourea SN 2 planes were superimposed. supplementary materials sup-3 Acta Cryst. (2012). E68, o712-o713
Figure 3
A view of the linear supramolecular chain along [100] in (I) for the S1-containing molecule. The N-H···S hydrogen bonds are shown as orange dashed lines.
Figure 4
A view in projection down the a axis of the unit-cell contents for (I). The N-H···S, C-H···S and C-H···π interactions are shown as orange, blue and purple dashed lines, respectively. (8) Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
4-Benzyl-N-methylpiperazine-1-carbothioamide
x y z U iso */U eq S1 0.50009 (7) 0.777950 (5) 1.00020 (5) 0.01532 (9) S2 0.87096 (7) 0.897767 (5) 0.78870 (6) 0.02086 (10) S3
1.18962 (7) 0.971979 (5) 0.0134 (6) 0.0152 (7) 0.0162 (7) −0.0008 (5) 0.0063 (5) −0.0001 (5) N3 0.0135 (7) 0.0151 (6) 0.0143 (7) 0.0008 (5) 0.0050 (5) 0.0018 (5) N4 0.0188 (7) 0.0241 (8) 0.0249 (9) −0.0005 (6) 0.0039 (6) −0.0082 (6) N5 0.0162 (7) 0.0268 (8) 0.0273 (9) 0.0014 (6) 0.0016 (6) −0.0106 (7) N6 0.0176 (7) 0.0171 (7) 0.0220 (8) 0.0016 (6) 0.0032 (6) −0.0040 (6) N7 0.0180 (7) 0.0173 (7) 0.0256 (8) −0.0002 (5) 0.0085 (6) 0.0028 (6) N8 0.0135 (7) 0.0189 (7) 0.0268 (8) 0.0001 (5) 0.0041 (6) 0.0037 (6) sup-7
Acta Cryst. (2012). E68, o712-o713 N9 0.0146 (7) 0.0184 (7) 0.0192 (7) 0.0010 (5) 0.0044 (5) 0.0015 (6) C1 0.0272 (9) 0.0157 (8) 0.0284 (10) 0.0031 (7) 0.0143 (8) −0.0031 (7) (9) 0.0002 (6) −0.0003 (7) 0.0023 (6) C10 0.0266 (9) 0.0168 (8) 0.0158 (9) −0.0019 (7) −0.0004 (7) 0.0000 (6) C11 0.0262 (9) 0.0181 (8) 0.0209 (10) 0.0047 (7) 0.0013 (7) −0.0002 (7) (9) 0.0038 (7) 0.0020 (7) 0.0012 (7) (6) 0.0041 (7) 0.0022 (7) C31 0.0138 (8) 0.0222 (8) 0.0224 (9) 0.0001 (6) 0.0019 (7) 0.0040 (7) C32 0.0155 (8) 0.0184 (8) 0.0338 (11) 0.0011 (6) 0.0062 (7) 0.0045 (7) C33 0.0210 (9) 0.0215 (8) 0.0202 (9) 0.0005 (7) 0.0034 (7) −0.0009 (7) C34 0.0185 (8) 0.0156 (7) 0.0220 (9) −0.0023 (6) 0.0026 (7) −0.0023 (7) C35 0.0204 (9) 0.0242 (8) 0.0238 (9) −0.0008 (7) 0.0054 (7) −0.0057 (7) C36 0.0219 (9) 0.0279 (9) 0.0356 (12) 0.0042 (7) 0.0014 (8) −0.0132 (8) C37 0.0303 (10) 0.0178 (8) 0.0331 (12) 0.0042 (7) −0.0054 (9) −0.0054 (7) C38 0.0310 (10) 0.0189 (8) 0.0241 (10) −0.0033 (7) −0.0006 (8) 0.0004 (7) C39 0.0225 (9) 0.0197 (8) 0.0255 (10) −0.0005 (7) 0.0063 (7) −0.0004 (7) Geometric parameters (Å, º) S1-C2 Hydrogen-bond geometry (Å, º) Cg1 is the centroid of the C21-C26 ring. 
